Abstract. In the present work, a series of aluminum alloys have produced as candidate sacrificial anodes materials to use in the protection of oil pipelines that pass through the AL-FAO region area in Southern of Iraq, where the soil is enriched with the chlorides ions. The production of these alloys consists of alloying the pure aluminum with different weight percentages of Zn and Mg. These produced alloys microstructurally and electrochemically characterized to use as cathodic protection anodes of oil pipelines. Generally, all the produced Al-alloys provide well protection for steel pipelines with different efficiencies. They give a lower current density (1.51 -12.36 µA/cm²) in comparison with the used Mg-alloy. The produced (Calloy: 5.5 wt%Zn, 10wt%Mg) clearly satisfied the criteria where a uniform weight loss rate accompanied with a noticeable current density. It gives (12.36 µA/cm²) with linear and uniform weight loss. The reason behind such behavior, was attributed to the chemical composition of this alloy that develops a set of phases such as ß(Al 2 Mg)-phase in addition to the τ(Mg 32 (AlZn) 49 )-phase that exists in a larger amount this time as compared with τ(Mg 32 (AlZn) 49 )-phase which developed in B-alloy (5.5 Zn + 8 Mg)%wt. The higher content of phase above plays an important role in breaking down the protective oxide film that can form on the Al-alloys surface and as a result, increasing its effectiveness as a sacrificial anode by a uniform increasing of dissolution (i.e. corrosion). The produced C-alloy was found superior than the Mg-alloy that is now originally used in cathodic protection of oil pipelines in Southern Iraq.
Theoretical Background
Corrosion is one of the key factors in limiting the life expectancy of steel foundation structure. Severe corrosion of buried metal structures has led to explosions, loss of life, and massive environmental clean ups. In addition, leaking water pipes may cause or contribute to landslides and other earth movement.
In Iraq alone, there are over 10,000 kilometers of pipes used to transport natural gas and petroleum products, while in the United States there are 2.1 million kilometers of pipes used to transport natural gas and 28980 kilometers gas pipeline network related facilities in Italy [1] . Failure to prevent external corrosion of pipelines can have disastrous consequences. In order to mitigate underground pipelines corrosion the principal methods are; coatings and cathodic Protection (CP) [2] .
In the first method, the aim of applying coating to the buried metal such as a pipeline is to prevent an electrical contact with an electrolyte such as soil and/or water [3] . Cathodic protection is an electrical method of mitigating corrosion on structures that are exposed to electrolytes such as soils and water. Cathodic protection was used mainly to prevent further corrosion after repair of damaged structures, but recently, cathodic protection has been incorporated in new constructions in an effort to prevent corrosion from starting [4, 5] . There are two types of cathodic protection systems. One involves the use of current that is produced when two electrochemically dissimilar metals or alloys are metallically connected and exposed to the electrolyte. This is commonly referred to as a sacrificial or galvanic cathodic protection system. The other method of cathodic protection involves the use of a direct current power source and auxiliary anodes, which is commonly referred to as an impressed current cathodic protection system. The latter method is out of this work.
Sacrificial anode cathodic protection is greatly employed to protect oil pipelines, marine, and some domestic structures [6] . The electrochemical behavior of sacrificial anode materials is of vital importance for the reliability and efficiency of cathodic protection systems for seawater exposed structures [7] .
Generally, aluminum (Al), zinc (Zn), and magnesium (Mg) are the metals mostly employed for sacrificial cathodic protection of metals. It is affirmed that aluminum alloys (Al-alloys) are the preferred sacrificial anodes for controlling and preventing corrosion in marine environments. The actual limit in the use of magnesium-based sacrificial anodes is their relatively low efficiency, which gives rise to the loss of substantial parts of the required current capacity [6, 8] . Aluminum anodes (Al-anodes) are also favored over zinc (Zn) anodes for the cathodic protection of offshore structures especially in deepwater exploration because they are lighter and less expensive. Evaluation of the performance of aluminum anodes (Al-anodes) is necessary to achieve the most cost-effective sacrificial anodic protection design. The usefulness of pure aluminum (Al) as an anode material is reduced significantly by the formation of a protective oxide film, which limits its both current and potential output. In order to improve the efficiency of aluminum anodes (Al-anodes), they are typically alloying with other elements to encourage depassivation (breakdown of the oxide film) and/or shift the operating potential of the metal to a more electronegative direction [6, 9] .
, studied the corrosion mechanism during electrochemical testing, and this involved electrochemical testing of Al sacrificial anodes, where the evaluation of an Al-Zn-Mg-Li alloy as a potential candidate for Al-sacrificial anode was studied. The effect of Li (Lithium) additions on superficial activation of the anode by means of precipitation of Al-Li type compounds also was examined. U. , also produced Al-alloys that were limited to use in seawater or very brackish water use (must have more than 1000 ppm chloride ion concentration for Indium alloyed material point and 10,000 ppm Cl-for Mercury alloyed material). These alloys consist of (Aluminum-Zinc-Silicon-Mercury-Indium). They found that aluminum anode operated at approximately 95% efficiency yielding approximately 1250 amp-hrs-lb or a consumption rate of approximately 6.8 lbs/amps-yr in seawater applications only.
Watanabe and Kunio in 2004
]11[ , Studied alloys for a sacrificial anode that are suitable for corrosion protection of reinforcement in a structure built of reinforced concrete. These alloys are (Al-Zn-In), (AlZn-Si-In), (Al-Zn-In-Ce) and (Al-Zn-In-Ti-B). S.M.A. Shibli et. al. in 2005 [12] explored the feasibility of effective aluminum activation by selenium incorporation. The selenium incorporate anode showed an improved galvanic efficiency of around 70%. The best activator combination was found to be 0.5%Se+0.1%Sn+0.1%Bi. This combination of activator in aluminum alloy anodes shows a galvanic efficiency of 90%.
, studied the effect of Mg content on the performance of (Al-Zn-Mg) sacrificial anodes that were used in cathodic protection of structures exposed to marine environments (sea water). In this study the samples of (Al-5.3 at.% Zn (12 wt.%)-x at.% Mg (x=5.5-8.5) (4.6-7.5wt.%) alloys were microstructurally and electrochemically characterized. It is shown that by increase Mg content an improvement of electrochemical properties of Al-alloy such as current capacity and then electrochemical efficiency can be obtained. As-cast Al-5.3Zn-Mg alloys showed a microstructure that consisted of α-Al dendrites and eutectic (α+ τ) in interdenderitic regions. This alloy reached values of electrochemical efficiency up to 75%. [14] , incorporated metal composites of alumina and zinc oxide into Al + 5% Zn alloy and the reinforced alloys were used as efficient sacrificial anodes for cathodic protection of steel objects. High galvanic efficiency (83%) was achieved when 0.5% ZnO was incorporated into the anode matrix. L.E. Umoru in 2007
, investigated the effect of tin composition on Al-Zn-Mg alloy as sacrificial anode in seawater. Corrosion experiments mounted to determine the optimal effect of tin on the efficiencies of the aluminum alloy anodes. The results obtained showed that the anode efficiency of (Al-Zn-Mg-Sn) alloy increased with tin concentration. The microstructures of the (Al-Zn-Mg-Sn) alloys revealed increased distribution of tin globules and a breakdown of passive alumina film network on the anodes surfaces.
The aim of the present paper is to produce and evaluate a novel set of aluminum alloys with different chemical compositions basis on Zn and Mg addition in different percentages to be used as a candidate sacrificial anodes in cathodic protection of oil pipelines in southern Iraq (Al-FAO region).
Experimental Procedure
Experimental work carried out to evaluate the performance of Alalloys that are produced especially for use as sacrificial anodes in the protection of underground steel pipelines of Basrah (in AL-FAO regionSouthern of Iraq) especially against corrosion damages. Knowing that, the soil of AL-FAO region has remarkable characteristics like containing a high percentage of chlorides (~1.5% of Cl -) in addition to high content of water (i.e. high electrical conductivity). The target of such alloys option is based on the requirements to get required intermetallic phases such as (τ, ß, and α-phases). It is thought, that these phases play an important role in the process of corrosion protection. Furthermore, the alloy in literature [13] was reproduced exactly at the same composition and other conditions, and then was subjected to the same procedure of evaluation that was adopted in this work in order to be used as a reference alloy for comparing the results obtained above. The comparison was also done with the Mg-alloy that has been originally used by the Southern Oil Company in AL-FAO region. So, the following main steps were adopted in order to accomplish the targets of the present work:
1. Production of new aluminum alloys with different compositions, including; melting, alloying of pure aluminum (Al) with (99.99 % purity) used in the form of wire as based material for alloying. Magnesium (Mg) with (99.7% purity) and zinc (Zn) of (99.9%purity) in the form of thick plates are used as alloying elements with different percentages according to Table 1. 2. Re-producing of the alloy that is used in reference 13 in order to be used as a reference alloy for comparisons.
3. A careful study of the resulted phases which evolute in produced alloys by using X-ray diffraction analysis and optical microscopy. 4 . A study of corrosion behavior of steel pipe material, produced Al-alloys and Mg-alloy through a set of experiments includes; Tafel extrapolation test, weight loss test for steel samples, sacrificial anode weight loss test, microstructure observation and current measurement.
The chemical compositions of produced alloys are tested systematically after each heating, then any deviations from the required compositions would be repeated or adjusted to meet the chemical composition requirements. The average chemical composition of produced alloys is as indicated in Table 1 . 
Electrochemical Tests
Two kinds of corrosion testing are used in this work to evaluate the producing alloys; Tafel testing and sacrificial anode tests. The required samples for these tests are divided into three groups: a. Steel samples: A piece of steel pipe of (4800mm diameter) was received from (Southern Oil Company) having a chemical composition as shown in Table 2 . The chemical composition is measured by using "Spectrum Analysis for Metals". The steel samples are machined to the required dimensions of (20×20) mm, 3mm thickness. Table 3 was received from (Southern Oil Company) with dimensions of (750mm length, 150mm width and 150mm height), weighted (22) kg. This alloy was machined to sample of 20mm diameter and 3m thickness. Steel samples in each type of test is subjected to annealing practices at (600ºC) for one hour and furnace cooled to room temperature in order to remove residual stresses. All Samples used in this work were grinded by emery papers with (180, 400, 600, 800, 1000, 1200 grit size) respectively. Table 4 . This test was carried out in (Babylon University / Civil Engineering College /Soil Laboratory). The composition of simulated solution as prepared shown in Table 5 . pH of solution was designed to be (8.45), resistivity of solution is (13.38) Ω.cm. In weight loss test, AL-FAO soil with chemical composition mentioned above in Table 5 is used in this test as an electrolyte. The (pH) value of resulting AL-FAO soil is found as (8.5), and electrical conductivity was found (13.736) Ω.cm at room temperature. The prepared soil is put in plastic container with dimension (150×100×300) mm, as can be seen in Fig. 1 . Samples are electrically connected to each other by one end of copper wire. Specimens removed after (1 day), this lasted 14 days, and the specimens are cleaned and washed with distilled water. After rinsed with ethanol respectively dried and then re-weighed to determine the weight loss (ΔW/A 0 ) in each cell (cathode and anode). During weight loss test the current passed in cell was measured using micro Ampere. This measurement is useful for estimating efficiency in future work for each alloy in sacrificial anode system.
X-Ray Diffraction & Microstructural Examination
X-ray diffraction analysis was used to estimate the phases existing and the amount of these phases in each alloy. Determining the existence and distribution of phases in cast Al-alloys that were produced in this work was carried out by microscopic tests. All the samples of Al-alloys prepared previously were grinded and polished using alumina suspension. Samples etched by immersion in an etching solution for (60 sec). The solution consists of (10% perchloric acid (HClO 4 ) in ethanol (CH 3 CH 2 OH)). The microstructure of alloys is observed using an optical microscopy (Type Union / ME-3154).
Results & Discussions
Magnesium alloy was imported completely from outside of Iraq, production and design of these alloys as a sacrificial anode is very restricted by the production company, so that it is hoped to produce a sacrificial anode from aluminum alloys with corrosion properties equal or higher than that gained from the imported Mg-alloy. Steel pipe sample microstructure consists mainly of pure iron during the ferrite phase with the bright fields along the microstructure shown below in Fig. 2 . The ferrite phase consists of pure iron in the sense that it contains no carbon, but contains very small quantities of impurities such as phosphorus, silicon,…etc. that are dissolved in the solid metal. The dark parts represent the constituent containing the carbon. Polarization curves of steel pipe sample as shown in Fig. 3 below shows i corr. and E corr , where the corrosion potential (E corr ) value is (-735.9 mV) and the corrosion current (i corr ) value is (14.73μA/cm²). It is clear from the figure below that steel pipe sample (anode) has almost one break down potential in its polarization curves. The break down potential in the steel pipe sample behavior gives an indication that a pitting corrosion has occurred at most area of steel sample. Figure 4 shows the rate of steel pipe specimen consumption (dissolution). This behavior represents a real practical point for the determination of corrosion rate of steel pipe in the soil where pipes were installed. It is noted from this figure that a relatively uniform specific weight loss with time (i.e., the specific weight has been decreased).This decreasing is due to the oxidation of steel surface because of rusting the pipe surface with (Fe 2 O 3 ) . The oxidation film seems to be a porous look like, poorly adherent, coarse, and non-protective film. Pitting corrosion is so clear on the steel pipe specimen surface due to the aggressive effect of Cl -ions that is present in large amounts in the soil of AL-FAO region in large amounts and that will make the corrosion continuous on the surface of steel pipe specimen [15, 16] . Figure 5 represents the micrograph of steel sample prior to and after 14 th day exposure to the AL-FAO soil media. Figure 5 (a) shows that steel surface is clean with the presence of small defect on the steel surface. The uniform attack is dominant clearly by visual observation. The scales layer characterizes the uniform corrosion attack as well as pitting corrosion and that is noted clearly on the pipe surface.
Discussion of A-Alloy Result

Microstructure of A-Alloy
The microstructure of A-alloy as can be seen in Fig. 6 (a) consists mainly of large aluminum dendrites surrounded by interdenderitic and the phase (Al 0.71 Zn 0.29 ) as the x-ray diffraction peaks revealed it as shown in Fig. 6 (b) . 
Discussion of Tafel Extrapolation Test Results of A-Alloy
The application of a sacrificial anode (A-alloy) serves to reduce the corrosion rate of cathode (steel pipe sample) as the present work objective. Figure 7 shows the polarization data of the sacrificial anode (A-alloy). The polarization curves, as shown below, show that in the conditions of as-cast A-alloy, E corr =-977.3mV and i corr =1.51μA/cm². Three breakdowns and depassivation close to each other to some extent are clear in the figure. However, it should be noted that the current density passed in this experiment was small (1.51 µA/cm 2 ). The results might be different for larger current densities. Figure 8 shows the results of (ΔW/A 0 ) for the alloy (A-alloy) and steel pipe sample with the increasing exposure time at the conditions b a adopted in this work. It is clear from the above figure that the weight loss of the selected alloy (A-alloy) is increasing almost uniformly with increasing exposure time. The weight loss is still increasing at the first 14 th days of exposure time to reach the value of (8.721 mg/cm 2 ).The steel pipe sample on the other hand shows some increasing in weight (i.e., no weight loss) with the increasing of exposure time. Many reasons could be expected standing behind such behavior of A-alloy during this preliminary testing. These reasons are as follows: a. Electrical connecting of A-alloy to the steel pipe sample in the medium of AL-FAO soil creates a potential generated between the anode that is represented by A-alloy and cathode that is represented by steel pipe sample. As a result, a driving voltage will be developed and it will lead to the corrosion of more active metal of the two metals that were connected. A discharge current will develop according to equations (1), and (3) as shown below passing between the anode (A-alloy) and cathode (steel sample). As a result, the less active metal (steel pipe sample) will be protected cathodically against corrosion.
Discussion of Weight Loss Results of A-Alloy + Steel
b. The chlorides ions (C l-) that are available in high percentage in AL-FAO soil play an important role in the acceleration of the protective oxide film removing. The protective film (Al 2 O 3 ) was formed naturally on the surface of A-alloy. The chlorides ions do a penetration of oxide film and then corrosion will proceed continuously, and this agrees with the results of the previous work [17] . The effect of alkali soils also plays an effecting role in the continuous corrosion of Al-alloys [15] .
Potential (mV)
The surface area of steel specimens used in this work A surface is (10.5256 cm 2 ) and for alloys A surface is (8.2896 cm 2 ).These surface areas were chosen and settled constant during all the weight loss practices. The anodic reactions represent the consumption of Al, Zn, Mg metals are as follows:
On the other hand and as explained above, the steel pipe sample seems to be stable electrochemically where the corrosion by rusting almost stopped. That can support the idea behind the use of A-alloy as a sacrificial to protect the steel pipe sample cathodically. The reason behind the weight gain in steel pipe sample is the formation of film on the steel surface. The film forms because of the chemical reaction of the products at the cathode (the existence of H 2 on the steel surface). However, there is weight gain in steel pipe sample as shown in Fig. 8 , consequently weight loss has come back again at the of (8 th , 9 th and 14 th ) days, where a significant weight loss is observed because of the absence of protection in these days. Figure 9 represents the micrograph of A-alloy prior to and after 14 days exposure to the AL-FAO media. Small dark points randomly distributed through the alloy surface as in Fig. 9 (a) . While Fig. 9 (b 
A. Steel +A-Alloy Galvanic Cell
The measured current values that pass from anode to cathode for Aalloy sample to steel pipe sample are as shown in Fig. 9 . Results of current measurement refer that the maximum value of A-alloy current reaches (800 µA) at the second day of exposure time. The results also show a swinging in current values until it becomes approximately constant in the last seven days (from 7 to 14 th ). This behavior can be explained as follows; A-alloy began to dissolve (works as anode for steel) causing the passing of current. The swinging in current values can be explained because of the existence of passive film on alloy surface which cause the lowering of the dissolved Al and Zn ions and as a result, increased current .The final current values represent the stable passing current.
Discussion of B-Alloy Results
Microstructure of B-Alloy
The as-cast microstructure of solidified alloy consists mainly of dendrites with eutectic between dendrite arms. This alloy as shown from its chemical composition (see Table 1 ), contains a suitable amount of Zn and Mg and the addition of magnesium (Mg) enhanced the refinement of dendrite structure of (α-Al). Figure 10 shows the microstructure of this alloy supported by an X-ray diffraction analysis. The X-ray diffraction peaks clearly shows a set of phases that developed during the solidification process of the alloy under the adopted conditions in the present work, X-ray diffraction peaks mainly consist of ß(Al 2 Mg)-phase in addition to the τ(Mg 32 (Al,Zn) 49 )-phase that is presented in small amount . For the results of X-ray diffraction, analyses supporting the AlMg-Zn ternary phase diagram [15] .
Fig. 10: (a). Optical micrograph of B-alloy. (b). X-ray diffraction analysis of B-alloy.
Tafel Extrapolation test of B-Alloy
The polarization curve of B-alloy as shown in Fig. 11 below shows a different behavior to some extent than that seen in A-alloy above, where B-alloy is less negative (E corr =-909.7mV) and has higher breakdown and depassivation close to each other to some extent. It is clear from the polarization curves of this alloy that, the corrosion current is shifted to higher corrosion current ranging from 1.51 µA/cm 2 in Aalloy) to (8.9µA/cm 2 ) in the case of B-alloy. Figure 12 shows the results of (ΔW/A 0 -Time) for the system of (steel pipe sample + B-alloy). A clear increasing in weight loss of B-alloy as the exposure time has increased until it reaches a value of (3.956 mg/cm 2 ) at the end of 14 th day of exposing time. The steady or uniform increasing in weight loss at the first nine days is interrupted at the 10 th and 11 th day of exposing time. The non-uniform behavior can be attributed to the formation of a passivation layer on the B-alloy surface. The dissolution of B-alloy continues, while the steel pipe sample gains weight in uniform manner at the first four days of exposing time, in the fifth day weight loss occurs in steel sample. The weight loss can be regarded due to the absence of protection in this day. After five days, a uniform stable behavior is due to the retuning of cathodic protection by B-alloy, which is in turn due to the development of current between the electrodes. Figure 13 represents the micrograph of B-alloy prior to and after 14 days exposure to the AL-FAO soil media. Figure 13 (a) , represents the B-alloy prior to immersion in AL-FAO soil, it reveals irregular small dark regions evenly distributed through the alloy surface. Figure 13 
B-Alloy + Steel Sample
Steel +B-Alloy Galvanic Cell
The current measurement value that passes from anode to cathode (Balloy sample to steel pipe sample) as shown in the Fig. 14 . Resulting current measurements show that the maximum value of B-alloy current reaches (820 µA). In addition, results show swing in current values at the last day the current value reaches (670 µA). Explanation of this behavior is: B-alloy began to dissolve (works as anode for steel) causing passing of the first value of current, swing in current values results from the existence of phases in alloy that differs in that it is active and as a result, the passage current will be changed by time. 
Discussion of C-Alloy Results
Microstructure of C-Alloy
Microstructure observation of this alloy as shown in Fig. 15 shows large dark region as well as dark spots around the major phase α-Al ,a large dark region represents τ(Mg 32 (AlZn) 49 )-phase and small dark spots represent ß(Al 2 Mg)-phase according to the X-ray diffraction examinations. X-ray diffraction peaks consist mainly of ß(Al 2 Mg)-phase in addition to the τ(Mg 32 (AlZn) 49 )-phase that is existing in a larger amount this time as compared with τ(Mg 32 (AlZn) 49 )-phase that developed in B-alloy. 
Tafel Extrapolation Test of C-Alloy
Polarization curves of C-alloy as shown in Fig. 16 shows that (E corrosion ) = (-1031.0 mV), i corr for this alloy is equal to (12.36 µA/cm²), which is the highest current corrosion among the above tested alloys. Polarization curves show the existence of breaking down potentials in this alloy. Figure 17 shows the results of (ΔW/A 0 -Time) for the system of (steel pipe sample + C-alloy). The figure shows a clear uniform increasing in weight loss of C-alloy as the exposure time has increased until it reaches a value of (4.885 mg/cm 2 ) at the end of 14 th day of exposing time. Figure  17 shows continuous dissolution of C-alloy with increasing exposure time with a clear passivation of steel pipe. So that this alloy is preferred more than other alloys, by which it gives a higher corrosion density with a uniform dissolution and early passivated steel pipe sample. This alloy contains the same Zn content as that of B-alloy with noticeable increment in Mg content. This increasing in Mg content (10%wtMg) will cause an appearing of τ (Mg 32 (AlZn) 49 ) in this alloy. This phase is useful in obtaining the depolarization features of this alloy. On the other hand steel pipe sample gains weight uniformly with increasing the exposure time until reaching steady state at the first five days as stated above. Figure 18 (a) , represents the C-alloy before exposure to AL-FAO soil. It shows the existence of small dark spot as well as large dark regions, which can be observed clearly as compared with B. Figure 18 (b) , represents the C-alloy after immersion in AL-FAO soil. The morphology of this alloy shows that the attack seems to be general as well as the existence of localized corrosion and whitish corrosion products on the alloy surface. 
C-Alloy + Steel Sample
Steel +C-Alloy Galvanic Cell
The measured current values that pass from anode to cathode (Calloy to steel) as shown in the Fig. 14 . Resulting current measurement shows that the maximum value of C-alloy current reaches (1040 µA). This value is higher than B-alloy current value improvement in current value, which can be regarded due to the existence of τ-phase in alloy, which causes breaking down of passive film, which exists on C-alloy surface. Then, it becomes approximately constant in the days (from 6 to 14) and reaches (1000 µA).
Discussion of D-Alloy Results
Microstructure of D-Alloy
The as-cast microstructure as shown below in Fig. 19 of the solidified alloy consists mainly of dendrites arms with intermetallic phases between the arms. The developed phases in this alloy as revealed by X-ray diffraction consists mainly of τ (Mg 32 (AlZn) 49 ) phase and small amount of (Mg 2 Zn 3 ) phase. The τ (Mg 32 (Al, Zn) 49 ) phase can be noted as large dark regions surrounding the major (α-Al) phase. 
Tafel Extrapolation Test of D-Alloy
The polarization curves of D-alloy as shown in Fig. 20 below show that i corr for this alloy is high (6.63 µA/cm²), (E corr = -960.4mV). In addition, it can be noted that there is only one breaking down potential in polarization curves. This alloy shows good surface activation. Figure 21 shows the results of (ΔW/A 0 -Time) for the system of (steel pipe sample + D-alloy). D-alloy shows decreasing in weight with increasing exposure time until it reaches a value of (8.062 mg/cm 2 ) at the end of 14 th day of exposing time. An almost uniform dissolving of D-alloy is continuous with the exposing time accompanied with a little weight gain of the steel pipe sample. Figure 21 shows that weight loss in D-alloy is larger than the other alloys (A, B, and C) which is attributed to the higher Zn and Mg content. Large amount of resulted τ phase that works as a key factor to promote a good surface activation of the anode avoiding the formation of the continuous, adherent, and protective oxide film on the alloy surface that in agreement with the results of previous research 7. The increment in steel sample weight gains is almost constant with the exposure time until it reaches the steady state in the days 12, 13, 14. This means that the protective film (formed on the steel surface and causes passivation of steel) is stable. As a result, the steel pipe sample will be cathodically protective against corrosion by the D-alloy that serves as a sacrificial anode. 
D-Alloy + Steel Sample
Steel +D-Alloy Galvanic Cell
The measured current values that pass from anode to cathode (D-alloy to steel) is shown in Fig. 14 . Resulting current measurement of this cell shows that the maximum value of D-alloy current reaches (1200 µA) then it becomes approximately constant in the days (from 7 to 14) and reaches (1200 µA). The existence of τ-phase in a highest amount among the produced alloys in this work can be the reason of these current values of this alloy.
Discussion of E-Alloy Results
Microstructure of E-alloy
E-alloy represents the reference alloy in this work as used in Reference [7] . It originally contains a suitable amount of Zn and Mg. The as-cast microstructure of solidified alloy consists mainly of dendrites arms with interdenderitic phases that developed during the solidification of alloys between arms as shown in Figure 24 , down shows the polarization data of the sacrificial anode (E-alloy). The polarization curve as shown below shows that the i corr in the conditions of as cast alloy is equal to (8.16 µA/cm²) which is higher than that of D and A-alloy and lower than that of C and B-alloy. (E corr = -1080.1 mV). Polarization curve also shows that E-alloy exhibited almost only two breaks down potentials. Figure 25 shows the results of (ΔW/A 0 ) for the alloy (E-alloy) and steel pipe samples with the increasing exposure time at the conditions adopted in this work. A clear increasing in weight loss of E-alloy as the exposure time has increased until it reaches a value of (5.633mg/cm 2 ) at the end of 14 th day of exposing time. Increasing of specific weight loss in comparison with the (A, B, C) alloys regarded to the existence of τ phase as a dominant phase. Nevertheless, D-alloy appears to be more effective than E-alloy (weight loss of D-alloy is higher than weight loss for Ealloy) and as a result more effective than E-alloy.
Tafel Extrapolation Test of E-Alloy
E-Alloy + Steel Sample
In addition, Fig. 25 shows an increasing in weight gain of steel with increasing exposure time, the steel pipe sample gains weight in uniform manner at the first six days of exposing time. The steel sample shows losing in weight in the 7th day of exposing time, then weight gain comes back in the days (8, 9, 10,…,14) and reaches the steady state. This means that Ealloy achieved the cathodic protection of steel pipe sample. Figure 26 represents the micrograph of E-alloy prior to and after 14-day immersion in the AL-FAO soil. Figure 26 (a) , represents the E-alloy before exposure to AL-FAO soil. It shows a developed grains, Fig. 26(b) , represents the E-alloy after immersion in AL-FAO soil. It shows a dark gray surface, general attack as well as pitting corrosion and intergranular corrosion. 
Steel +E-Alloy Galvanic Cell
The measured current values that pass from anode to cathode (Ealloy to steel) is shown in Fig. 14 . Resulting current measurement of this galvanic cell shows that the maximum value of E-alloy current reaches (1200 µA) .Then it rises to (1000 µA) at the 14th day. This alloy shows high current value. This is due to the effect of τ-phase and other phases that exist in this alloy which affect the corrosion behavior of alloy. Figure 27 shows the polarization data of the sacrificial anode (Mgalloy). Polarization curve as shown below shows that the i corr in the conditions is equal to (67.08µA/cm²), which is the highest i corr among all the tested Al-alloys that are produced in this work. This value proves the higher activity and lower efficiency. 
Discussion of Mg-Alloy Results
Tafel Extrapolation Test of Mg-Alloy
Mg-Alloy + Steel Sample
Mg-alloys are already used in AL-FAO region to protect the steel pipes cathodically as mentioned previously. Figure 28 shows the results of (ΔW/A 0 ) for the alloy (Mg-alloy) and steel pipe sample with the increasing exposure time at the condition adopted in this work. It is clear from the figure that the weight loss in this alloy (Mg-alloy) is increasing largely with increasing exposure time until it reaches a value of (240.63 mg/cm 2 ) at the end of 11 th day of exposing time. This value is greater than the weight loss value of Al-alloys produced in this work, which means that Mg alloy is so effective in the protection of the steel pipes in AL-FAO soil, but it needs to be, replaced consequently in short time (low efficiency) and as a result higher cost. This replacement is very important in order to avoid the steel pipes exposure to aggressive effect of Cl -ions that exists in high amount in AL-FAO soil, and as a result, the steel pipes damage.
Steel pipe sample shows continuous increase in weight with increasing exposure time during the days 1, 2, 3, and 4. After 4 th day an increasing in weight gain occurs. This behavior can be regarded to the consumption of the almost the whole alloy mass (Mg-alloy) during the first days (1, 2, 3, 4) as shown in Fig. 28 .After that the steel is poorly protected by the remaining Mg alloy and finally steel will be corroded (no sacrificed anode exists to protect it). Figure 29 shows the micrograph of Mg-alloy before and after immersion in AL-FAO soil for fourteen days. This figure represents the micrograph of alloy before exposure to AL-FAO soil media, a white layer was formed on the alloy surface after only one day of immersion in soil. This layer is continuously formed after 2, 3, 4, 5, 6,7 th days. The layer can be removing by scrubbing under running tap water using soft brush. This layer can be considered as the corrosion produced on the alloy's surface. 
Steel +Mg-Alloy Galvanic Cell
The measured current values that pass from anode to cathode (Mgalloy to steel) is shown in Fig. 14 . Resulting data show that the value of passing current in Mg-alloy is greater than the value of passing current in the produced Al-alloys. Therefore, result of higher driving voltages in (steel+Mg-alloy) is compared with (steel+Al-alloys) that result in the passing of higher current. Furthermore, this behavior of Mg-alloy causes dissolution of it in short time and lowering Mg-alloy efficiency as a result. It can be shown that the passed current in this test is greater than the current in Tafel extrapolation test. This difference in the current value is due to the over voltage of hydrogen on platinum surface which is small while over voltage of hydrogen on the steel surface is high. Therefore, the output density will be higher in the last case (current measurement of sacrificial anode system) than the current density in Tafel extrapolation test.
Conclusion
According to the results and findings above the following can be concluded:
1. Al-alloys are possible to work as candidate sacrificial anodes for the protection of the Oil pipelines in Southern of Iraq (Al-FAO region).
2. All the produced Al-alloys provide the protection of steel pipes with different efficiencies at lower current densities (1.51-12.36 µA/cm²) in comparison with the used Mg-alloy.
3. The produced C-alloy was clearly satisfactory with the criteria where a uniform weight loss ratio is accompanied with a noticeable current density (12.36 µA/cm²).
4. C-alloy has a maximum current density with a uniform time depending on weight loss.
5. The higher content of τ(M g32 (Al,Zn )49 )-phase plays an important role in breaking down the protective oxide film that can be formed on the Al-alloys surface, and as a result increasing its effectiveness as a sacrificial anode by a uniform increase of dissolution (corrosion).
6. The produced C-alloy found to be superior to the Mg-alloy, which is originally used in cathodic protection of oil pipelines in Southern of Iraq. This superiority comes because of uniform dissolution or weight loss rate of C-alloy in front of non-uniform dissolution of Mg alloy that makes the calculations of working life too difficult.
Recommendations for Future Work
It is recommended to use a wide range of alloying elements in preparing Al-sacrificial anodes. In addition, design and calculation of efficiency for all Aluminum (Al) alloys produced in this work are according to practical data from the Southern Oil company/Iraq-Basrah.
